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ABSTRACT
The paper addresses a topic justified by economic importance due to direct and indirect damages caused by 
Johnson grass in maize and soy culture. The study aimed to highlight the allelopathic effects produced by Johnson 
grass extracts on seed germination, plant height and plant dry mass of corn and soybeans. The research was 
conducted in the laboratories of Agrochemistry and Plant Protection Department in University of Agricultural 
Sciences and Veterinary Medicine of Banat. Experimental field has 13 variants, which are different throughout 
plant material used (rhizomes dry, fresh, leaves, and seeds) as well as various alcohol concentrations. Following 
the treatments application with extracts we observed that the highest allelopathic effect is determined by extracts 
based on rhizome, second being situated leaf extract. The aqueous extracts were less inhibitory compared with the 
alcoholic extracts. Lowest content of alkaloids that cause allelopathic effect is recorded in seeds. The experiment 
showed that the seed germination percentage of inhibition depended on the time used and the concentrations of 
the plant material used (rhizomes, leaves, seeds).
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INTRODUCTION
Corn occupies third place as importance 
among cultivated plants worldwide (Muntean et 
al., 2003). Glycine max L. Merrill. (soybean) is one 
of the most important leguminous in the world, 
due to the high nutritional value of the kernel and 
high protein content (38-42%) (Nguyen et. al., 
2010). These crops (corn and soybeans) compete 
with many pathogens, pests and weeds, but the 
highest loss of production is determined by weeds, 
especially the species Sorghum halepense L. This 
species is a very competitive and invasive weed, 
is the most damaging weed in Romania hoeing 
crops, to the competitive capacity of Johnson grass 
add allopath producing substances that negatively 
influence the germination of other plant species. 
Allelopathic effect of this species is determined 
by the cyanogenic, glycogenic and phenolic 
compounds contributing to the suppression of 
growth of crop plants (Ștef et. al., 2013).
“Biochemical inhibition” theory of de Candolle (1832) was confirmed in 1937 by Molisch, who 
introduced the term scientific of „allelopaty”, 
referring to the “biochemical dialogue” between organisms (Cristea et al., 2004). The word 
“allelopathy” is derived from two separate words. 
These are allelon meaning “one another”, and 
pathos meaning “to suffer”. Allelopathy refers to 
the inhibition of a chemical species to another. 
“Inhibitory” substances are released into the 
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environment where it affects the development 
and growth of surrounding plants (Ferguson et al, 
2013). This antagonistic phenomenon is a form 
of competition between weeds and plants. This biochemical interaction consists of the removal of 
root exudates, foliar and stem. Active secretions 
are produced by live organs of the plant, and 
the passive, come from the dead organs in the 
course of decomposition (Chirilă, 2001). Although 
biochemical process has been studied by many 
phytosociologs: Grümmer (1955), Rademacher 
(1959), Kursanov (1966), Müller (1969), 
Rabotnov (1974), Chircă and Fabian (1985) the 
inner mechanism of allelopathy has not yet been elucidated (Cristea et al., 2004). Allelopathy is a 
naturally occurring phenomenon which refers to 
any direct or indirect effect, positive or negative 
of a plant of the other by the release of chemical 
compounds into the environment (Delabays et al. 
2004).
The structure and mode of action allelopathic 
substances are different, due to this fact can be 
used for future development of herbicides (Uludag 
et al., 2005; Weston, 2005).
In this work were studied under laboratory 
conditions, the effects of aqueous and alcoholic extracts of Sorghum halepense L. on germination 
and growth of corn and soybean plants.  
MATERIAL AND METHODS
The researches were conducted in the 
laboratories of Agrochemistry and Plant Protection 
Department in University of Agricultural Sciences 
and Veterinary Medicine of Banat from Timisoara.
As the first steps of the research were 
harvested Johnson grass mature plants, exactly 
in 30.09.2013. The aerial organs of samples were 
separated.Preparation of the extracts from dried 
rhizomes was done in the following way: the 
roots were washed, dried (for 14 days at a 
constant temperature of 26.6°C) and finally, 
shredded (included in the extract of rhizomes and adventitious roots). 
For the fresh rhizome, leaves and seed extracts 
was made harvesting and shredded. Each extract 
was composed of 4 g of dried or fresh material 
that added water and ethyl alcohol concentration 
a. Samples preparing b. Roots drying for extracts
c. Solution filtering d. Installing experimental variants
Fig. 1. Aspects during experience placement
241
Bulletin UASVM Agriculture 72 (1) / 2015
Allelopathic Effects Produced by Johnson Grass Extracts over Germination and Growth of Plants
98%, they were placed in horizontal and magnetic 
stirrer for 24 hours, followed by filtration. All the 
extracts were filtered and stored in a glass bottle 
at 4°C. The experiment included 13 variants:
V1 = control = distilled water;
V2 = 10% alcohol + dried rhizomes;
V3 = 20% alcohol + dried rhizomes;
V4 = distilled water + dried rhizomes;
V5 = 10% alcohol + fresh rhizomes;
V6 = 20% alcohol + fresh rhizomes;
V7 = distilled water + fresh rhizomes;
V8 = 10% alcohol + leaves;
V9 = 20% alcohol + leaves;
V10 = distilled water + leaves;
V11 = 10% alcohol + seeds; 
V12 = 20% alcohol + seeds;
V13 = distilled water + seeds;
Corn seeds were placed on a layer of filter 
paper in a Petri dish (10 seeds/petri dish) and 
covered with sterile sand each variant was wetted 
with 100 ml of the extract.  
The Petri dishes were placed in the laboratory 
at 12 hours light and 27 ± 2 ° C for 16 days. In the 
first three days the vessels were placed in bags. At 
the end of the incubation period the germination 
of corn seeds, the total fresh/dry weight and the 
plant height was determined.
The experiments were arranged in a 
completely randomized 3 repetitions for each 
treatment.
The total mass of dry material was 
determined by weighing with analytical balance. 
The data were statistically analyzed.
RESULTS AND DISCUSSIONS
Weeds cause substantial decline in agricultural 
production through direct and indirect effects. 
Indirect damages resulting from Johnson grass 
extracts on germination of corn and soybean 
plants are shown in tab. 1.
Following researches  it was observed that 3 
DAT (days after treatment) soybeans germinated 
in control variant treated with distilled water, 
while the other variants, treated with Johnson 
grass extracts was delayed 1-5 days. The data 
presented in Table 1 shows that the highest 
percentage of inhibition of germination was 
recorded in the variant treated with extract based 
on dried rhizomes at a concentration of 20%, 
soybean seed germination was only 10%. Soybean 
germination decreased in variants where in leaves 
extract was applied being placed, as allelopathic 
inhibition efficiency second compared with extract 
based on rhizomes. The highest percentage of seed 
germination of soybean (90.0%) was recorded in 
the variant treated with seeds aqueous extract 
at a concentration of 20%, it did not produce 
differences compared to the control. Maize seed 
germination following application of Johnson grass 
extracts in experimental variants had percentages 
ranging from 33.33 to 90.00%.
Analyzing the data we see that the highest 
percentage of inhibition of germination was 
recorded in the variant treated with alcoholic 
extract of dried rhizomes at a concentration of 
20% corn seed germination being just 33.33%. 
Maize seed germination was reduced very 
significantly in the variants treated with Johnson 
Tab 1.  Effects on germination Johnson grass extracts (%) of seed corn and soybeans
Crop Plant organ ConcentrationControl Aqueous extract 10% 20%
Corn Dried rhizomes 96.66 60
000 66.6600 33.33000
Fresh rhizomes 76.330 66.6600 46.66000Leaves 80.0 70.000 53.33000Seeds 90.0 83.33 60.0000
DL5 %=17.68            DL 1%=24.02                 DL 0.1% = 32.18
Soy
Dried rhizomes
96.66
66.66000 26.66000 10.0000
Fresh rhizomes 76.6600 56.66000 36.66000Leaves 80.00 76.6600 70.0000Seeds 90.0 80.00 73.33000
DL 5% = 12.46           DL 1% = 16.94               DL 0.1 = %22.69
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grass rhizomes alcoholic extracts applied at 20% 
concentration.
Maize seed germination decreased in variants 
where the aqueous and alcoholic leaves extracts 
were applied being placed second as inhibition 
degree.
The highest percentage of germination of 
maize grains (90.00%) was recorded in the variant 
treated with seeds aqueous extract, it did not 
produce differences from the control (photo 2).
Soybean seeds exhibited a much lower 
percentage of germination as compared to corn 
as a result of the extracts of the built it. Soufan 
et al., 2009 studied the allelopathic effect of 
Convulvulus arvensis L., Cyperus rotundus L. and 
Sorghum halepense L. on seed germination of corn, 
concluding that Johnson grass extracts show a 
greater inhibitory effect.
The highest inhibition of maize germination, 
fresh weight and shoot length were caused by 
rhizomes extracts of Johnson grass that are 
correlated with the results reported by Friedman 
and Horowitz (1971), who found that Johnson 
grass rhizomes extract caused higher inhibition of 
barley roots growth.
In the second part of the experiment was 
observed the allelopathic effect of Johnson grass 
extracts on maize and soybean plant growth (tab. 
2). For this study, biometrical measurements were 
performed 16 days after treatments.
Through the application of alcoholic and 
aqueous extracts of fresh and dried roots, leaves 
and seeds of Johnson grass, has achieved a 
reduction of character „plant height“ (9.61 cm) 
very significantly from the values obtained from 
untreated variant (27.37 cm).
Maize plants exhibited an average height 
of 16.85 cm and a minimum of 9.61 cm, in the 
variant where the dry root extract was applied in 
a concentration of 20% and the maximum value 
(24.87 cm) recorded in variant where has been 
applied aqueous extract of seeds.
Highest allelopathic potential on growth 
inhibition of maize plants was recorded in variant 
where extracts of fresh and dry rhizomes of 
Johnson grass was applied, this result is explained 
Photo 2. Aspects of experimental variations in different stages
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by Czarnota et al. (2001) which states that the roots of Sorghum halepense contain sorgoleone, 
a mixture of hydrophobic biologically active 
substances. Studies conducted by Sene et al., 
2001 showed that Sorghum halepense produces 
and releases alkaloids that may contribute to the 
suppression of plant growth. 
In terms of height maize plants, in treated 
variant with aqueous extract from Johnson grass 
seeds, was observed that recording value not 
shown significant differences, after statistical 
analysis.  
Soybean plant growth was very negatively 
significantly influenced following the application 
of Johnson grass extracts. The height of the 
soybean plants in the experimental variants 
presented values  between 5.31 cm and 18.22 cm 
and an average of 11.98 cm.
In the variants that were treated with Johnson 
grass seed extracts, plant height presented 
significant differences (18.22 cm) and significantly 
distinct (17.76 cm) from the negative control 
treated with distilled water (19.76 cm).
After determining the dry weight (the 
analytical weighing balance) of the both crop 
plants used in the experiment it was observed 
that the soybean plants was strongly inhibited 
compared to the corn, the highest reduction of 
the dry mass is recorded in the variants in which 
rhizomes extracts were applied (tab. 3), second 
being placed levees extracts. The result is similar 
to that found by other researchers (Chun et al., 
1998) who worked with allelopathic cultivars of 
rice.
Johnson grass seeds contain the lowest 
quantities of allelopathic substances.
Tab 3. Influence of Johnson grass extracts on dry weight (g) of soybean and maize plants
Crop Plant organ ConcentrationControl Aqueous extract 10% 20%
Corn Dried rhizomes 7.79 2.48000 1.73000 4.08000Fresh rhizomes 4.61000 5.45000 3.80000Leaves 6.710 5.98000 6.13000Seeds 7.26 6.740 6.3200
DL5 %=0.81            DL 1%= 1.11                 DL 0.1% = 1.48 
Soy
Dried rhizomes
6.73
1.97000 1.74000 1.59000
Fresh rhizomes 2.33000 2.53000 2.03000Leaves 4.6000 4.30000 3.90000Seeds 6.20 5.98 5.400
DL 5% = 0.81          DL 1% = 1.45               DL 0.1% = 2.34
Tab 2. Effects of Johnson grass extracts on plant height (cm) of maize and soybean
Crop Plant organ ConcentrationControl Aqueous extract 10% 20%
Corn Dried rhizomes 27.37 13.73000 12.33000 9.61000Fresh rhizomes 14.57000 16.61000 11.62000Leaves 22.30000 19.67000 17.33000Seeds 24.87 21.60000 17.93000
DL 5 %=2.51            DL 1%= 3.40                 DL 0.1% = 4.56 
Soy
Dried rhizomes
19.76
9.58000 7.55000 5.31000
Fresh rhizomes 12.86000 10.58000 9.0000Leaves 12.46000 13.56000 11.35000Seeds 18.220 17.7600 15.56000
DL 5% = 1.19          DL 1% = 1.62               DL 0.1% = 2.18
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Dry mass of corn ranged between 1.73 g - 7.26 
in the variants treated with extracts Johnson grass 
and a maximum of 7.79 g in the control variant. 
The results regarding dry mass of maize presented 
significant negative differences in variants treated 
with extracts of dried and fresh roots. Application 
of Johnson grass alcoholic extracts of leaves has 
determined very significant negative weights. 
Negative significant differences were recorded 
in the variants treated with seed extract at a 
concentration of 10% and aqueous extract of 
leaves. In the variant treated with aqueous extract 
from the seeds of the dry mass of maize plants 
had an average value of 7.26 g, did not produce 
statistically significant differences.
After determining the dry weight of the 
soybean plants of the variants treated with 
seeds alcoholic and aqueous extracts, at 10% 
concentration showed no differences compared to 
the control, at a concentration of 20% was achieved 
a significantly lower plant weight compared to 
plants treated with distilled water (6.73 g).
The extracts of the leaves and fresh and dry 
root determined a very significant decrease of the 
dry mass of the soybean plants.
The results of this study are in agreement 
with those registered by Beckett et al. (1988) and 
Yang (2004), they showed that germination, shoot 
lenght and dry weight of maize were significantly 
affected by the type of extract, its concentration 
and the species to which it belongs. 
The study revealed that plants maize and 
soybeans were strongly influenced by the 
application extracts from rhizomes of Johnson 
grass, which leads us to say that the largest amount 
of sorgoleone is found in the roots, the second 
hovering leaf extracts.
The results demonstrate the alelopat potential 
of Johnson grass, this property may explain the 
character of invasiveness of the species and 
the growing presence in agro-ecosystems and 
ecosystems.
CONCLUSION
The experiments results obtained in 
laboratory have indicated the presence of 
inhibitory substances in all Johnson grass plant 
organs studied (roots, leaves, seeds).
Extracts from the roots of Johnson grass 
reduced significantly the germination, plant height 
and dry mass of corn and soybeans.
Following the study carried it was found that 
soybean plants are more affected by the Johnson 
grass extract compared to corn plants
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